The Sanita-kun Coliforms consists of a transparent cover film, an adhesive sheet, a layer of nonwoven fabric, and a water-soluble compound film, including a culture medium formula for the detection of coliforms. The medium sheet was validated with 26 food types belonging to 9 food categories (meat, poultry, fish and seafood, fruits and vegetable, dairy, chocolate or bakery, animal feeds, pasta, and miscellaneous) using violet red bile (VRB) agar method in the U.S. Food and Drug Administration's Bacteriological Analytical Manual as a reference according to the AOAC guideline. The medium sheet showed 100% inclusivity and exclusivity. Ruggedness study suggested allowances in the incubation temperature and time as 33-35°C and 24 ± 4 h, respectively. The performance of 3 different lots of the medium sheets was equivalent and suggested no change of the performance at least for 3 years. In the comparative recovery study, many samples (84.6%), which were inoculated with a coliform strain, showed no significant difference between the 2 methods. The linear correlation coefficient (r 2 ) to the VRB agar was calculated as 0.94. In the repeatability study, the average relative standard deviation of total foods was 0.10 in the medium sheet. In the independent study, the medium sheet detected significantly more colonies than VRB plates in the frozen raw milk sample, while there was no significant difference between the 2 methods in raw ground beef sample. Comparative recovery study on foods, inoculated and then frozen, showed the medium sheet detected injured cells with better recovery than VRB agar. The analysts in the independent study wrote that the medium sheet was easy to use and read overall. The Sanita-kun sheet provides an alternative method to coliform count agar.
Introduction
The coliform count is one of the important microbiological tests for an indication of the sanitation level in foods and environments. Conventional coliform counts are conducted by enumeration of colonies on violet red bile (VRB) agar plate (1) or by enumeration with a most probable number method on lauryl sulfate tryptose broth (2) as the official standard methods, while qualitative detection of coliforms can be achieved using brilliant green lactose bile (BGLB) broth (2) . They are required confirmation tests and take 2-5 days to obtain results. Recently, various media with chromogenic enzyme substrates have been developed (3) . Coliform counts take only 1 day using such a chromogenic medium. But even this medium takes some hours to prepare. A dehydrated medium using films, Petrifilm CC, was developed (4) . The method takes no time for the preparation of medium.
We developed a novel dehydrated medium sheet called "Sanita-kun Coliforms" for detecting coliforms using the enzyme substrate technology. It consists of a nonwoven fabric to which a layer of microbial nutrients is deposited in a sheet, similar to the Sanita-kun Aerobic Count (PTM Certificate No. 011001; 5). The nutrient sheet also contains 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside, or X-gal, which is hydrolyzed by b-galactosidase from coliforms to produce a visible blue dye. The nonwoven fabric and nutrient sheet are constructed on a base sheet, which is then inserted between an adhesive backing to stabilize the basic sheet, and a transparent film. The adhesive backing and the transparent top film serve to deter evaporation and facilitate inspection of the inoculated sheet.
Sample solutions containing bacteria are deposited on the fabric portion of the sheet. Then the sample solution diffuses throughout the entire pad to dissolve and release the nutrient compound film forming a highly viscous solution. Bacteria migrate to the surface of the fabric where coliforms metabolize the nutrients and X-gal to produce a visible blue dye after incubation; growth of noncoliforms is inhibited with selective reagents. Figure 1 shows how coliform colonies look on a Sanita-kun Coliforms sheet. This paper details the internal validation by the authors at the independent laboratory study at Silliker Inc., Research Center, in comparison with the VRB agar method as a reference according to the AOAC guideline (6) .
Materials and Method

Test Kit Information
Kit name.-Sanita-kun Coliforms, distributed by Chisso Corp. (Tokyo, Japan) in Japan, Korea, and Taiwan. R-Biopharm AG (Darmstadt, Germany) distributes them as their brand name "RIDA Count Coliforms" in the rest of the world, including the United States. (4.2.4) Pipet.-Gilson (Villier-le-Bel, France) Pipetman, or equivalent, with sterilized or autoclaved tips, which can dispense 1.00 mL of liquids.
Apparatus
General Preparation
Sheet medium.-The aluminum bag of the Sanita-kun Coliforms was cut open with scissors and the number of the sheets required was removed from the bag.
Sample Preparation
A 50 g sample is put into a stomacher bag or a blender, to which 450 mL Butterfield's phosphate buffer, sterile phosphate-buffered physiological saline, or the equivalent, is added, and the sample is homogenized for 2 min. Some decimal dilutions with the same buffer can be recommended depending on a sample. More than 20-fold dilution is strongly recommended if a sample is raw vegetable with high pectinase activity (e.g., sliced welsh onion or Allium fistulosum). Otherwise, the sheet will turn pale blue to green within 3 h after the incubation is started because of pectinase activity in the vegetable.
Analysis
Open the transparent cover film to the blue tape section or remove the film from the sheet and save the film. Then, apply 1 mL sample homogenate or a sample dilution to the nonwoven fabric with a micropipet or equivalent device. Cover the nonwoven fabric with the transparent film again. It is not necessary to wait for complete absorption of the sample solution. The transparent film will adhere to the adhesive sheet itself once released from the hand. Pat slightly on the transparent film to make sure the transparent film attaches to the adhesive sheet. Wrinkles do not impede the detection of microorganisms. Do not squeeze the sheet. Incubate at 35 ± 0.5°C for 20-24 h. 4.6.1) Interpretation.-One blue to green colony on the medium sheet should be counted as one coliform colony forming unit (CFU).
Interpretation and Test Result Report
(4.6.2) Test result report.-When blue to green colonies are below 300, one colony is counted as 1 CFU. The CFU/g sample is determined to multiply the counted colony number by a dilution rate. When colonies are 300 to about 1000, colonies on the entire sheet are estimated in only some grid areas. Multiply the factor, which is calculated as Factor = 20/n. Twenty is a total number of grid areas, while n is the number of grid areas on which colonies are counted. Microorganism number is estimated by multiplying the counted or estimated colony number on a sheet by the dilution factor. Average count is obtained and reported as a coliform count CFU/g.
Microbial Strains
As shown in Table 1 , 34 or 39 coliform or noncoliform strains, respectively, were used in this study.
Summary of Results
Internal Validation
Internal validation studies were conducted at Chisso Corp., Yokohama Research Center (Yokohama, Japan). Significant difference between the 2 methods was statistically tested using Student's t-test for paired data in each study.
(5.1.1) Inclusivity and exclusivity.-Inclusivity and exclusivity of the Sanita-kun Coliforms were examined using coliform or noncoliform type strains and several strains isolated from foods. Thirty-five strains of microorganisms belonging to 14 type species of coliforms and 13 coliform strains from foods, and 39 strains of microorganisms belonging to 21 species of noncoliforms was inoculated to nutrient broth, and incubated at 35 ± 0.5°C for 16 h with continuous shaking, except for lactic acid bacteria. Then, the broth was properly diluted with sterilized physiological saline. Each loop or 1 mL of the diluted broth was applied into BGLB or medium sheet, respectively. The BGLB broth was incubated at 35 ± 0.5°C. After 24 ± 0.1 h of incubation, gas production was observed and confirmed after further 24 ± 0.1 h incubation. The medium sheet was incubated at 35 ± 0.5°C for 24 h.
The strain with gas production in BGLB broth was recognized as a positive test. The strain, which showed green to blue colonies on the sheet, was recognized as positive in Sanita-kun test.
As shown in Table 2 , all of the 31 coliform strains were positive both in the primary BGLB and in the Sanita-kun Coliform tests. One strain of Enterobacter cloacae and 3 strains of Serratia showed negative gas production in BGLB. This result indicates an inclusivity rate of 100%.
As shown in Table 2 , all of the noncoliform strains were negative both in the BGLB and the Sanita-kun Coliforms. This result indicates an exclusivity rate of 100%.
(5.1.2) Ruggedness testing.-The variation effect of incubation temperature and time on the coliform detection was examined. In the experiment to determine the effect of incubation temperature and time, 50 g sample was added to a plastic bag. To each bag, final 50-500 CFU/mL levels of coliforms were inoculated. Sterile physiological saline was added to make a 500 mL suspension in the bag, and the bag was homogenized for 2 min. Portions (1 mL) of sample homogenate and dilutions were applied on 5 replicate sheets and incubated at 30 ± 0.5°C, 33 ± 0.5°C, 35 ± 0.5°C, and 37 ± 0.5°C. Colonies were counted after 20 ± 0.5, 24 ± 0.5, and 28 ± 0.5 h incubation. Each colony number on the medium sheets was statistically compared with that of 35 ± 0.5°C and 24 ± 0.5 h incubation using Student's t-test for paired data (Table 3) . From the results shown in Table 3 , allowances of the incubation temperature and the incubation time were estimated as 33 ± 0.5-35 ± 0.5°C and 24 ± 4 h, respectively. (5.1.3) Limit of detection (LOD).-LOD was determined with the following method:
Sample homogenate or sample dilution was prepared to contain the coliforms of about 1 CFU/mL. Sample homogenate or sample dilution was inoculated to 10 replicates of the sheets and incubated at 35 ± 0.5°C for 24 ± 0.5 h. Colonies on each medium sheet were counted after the incubation. Rate of sheets that detected at least 1 colony in the total 10 sheets was calculated as a positive rate. Average count for 10 sheets, standard deviations (SD), relative standard deviations (RSD), and the positive rate are shown in Table 4 .
With about 1 CFU/mL, the average counts of 10 replicates of the sheet were 0.4-3 and RSDs were 0.4-1 ( Table 4 ). Samples that showed higher average count also showed higher positive rates. Correlation between average count and positive rate was plotted on a graph and designated as the following regression formula: y = 0.2x + 0.5 (x: average count; y: positive rate)
The LOD can be defined as a concentration of analyte in a sample when the least amount of analyte is surely detected with a proprietary device. Therefore, the LOD can also be defined as an average count when the positive rate is 1. We calculated the value of x after entering 1 as y in the regression formula above. The result was 2.5. As the significant figure was 1 order, the LOD was estimated as 3 CFU/mL. Homogenates of 11 foods were prepared according to the U.S. Food and Drug Administration's Bacteriological Analytical Manual (FDA BAM). One of the coliform strains (Enterobacter sp. 8, Escherichia sp. 41, Klebsiella sp. 52, Klebsiella sp. 53, Klebsiella sp. 171) which was isolated from foods was inoculated to each homogenate. Sample homogenates were applied on 5 medium sheets and incubated at 35 ± 0.5°C for 24 ± 0.5 h before counting. Colony count of each food sample was statistically compared with that on 011023CX medium sheet using Student's t-test for paired data, and is shown in Table 5 with SD and RSD.
In all tested foods, similar coliform counts were observed among the 3 lots of Sanita-kun. RSDs were 0.00 (raw pork) -0.12 (rice), as shown in Table 5 . Average RSD was calculated as 0.06. Significant difference between different lots of Sanita-kun was not statistically recognized. A performance decrease in an older lot of Sanita-kun was not observed, indicating that there was no change of the performance for at least 3 years.
(5.1.5) Precision: repeatability.-In order to examine the repeatability, the 26 foods each belonging to 9 food categories (meat, poultry, fish and seafood, fruits and vegetable, dairy, chocolate or bakery, animal feeds, pasta, and miscellaneous) were obtained in local retail markets. Each food was mixed and homogenized with a blender, and then divided into 50 g of 5 subsamples. Citrobacter sp. 202) were cultivated in nutrient broth and incubated at 35 ± 0.5°C for 8 h with shaking. All of the strains had previously been confirmed as coliforms with gas production in BGLB. After incubation, each culture was diluted with sterile phosphate-buffered physiological saline, and a portion of culture dilution was inoculated to each subsample for target levels <10, 10-25, 50-100, or >100 CFU/mL. The inoculated number was estimated by counting the colonies on the Sanita-kun Aerobic Count sheets after the serial dilution of the subsamples and incubation at 35 ± 0.5°C for 24 ± 0.1 h. Each subsample was homogenized with 450 mL sterile phosphate-buffered physiological saline (pH 7.2). Each 1 mL portion of homogenates or dilutions was inoculated to 5 replicates of Sanita-kun Coliforms sheets. The medium sheets were incubated at 35 ± 0.5°C for 24 ± 0.1 h. Blue to green colonies formed on the sheets were counted after the incubation. Each average count of 5 sheets from the same subsample, SD, RSD, and average RSD of 3 target levels were calculated and are shown in Table 6 .
As shown in Table 6 , the average RSD in 26 foods ranged between 0.05 and 0.28, with an overall average of 0.11. The average RSDs in all foods were 0.17, 0.10, and 0.07 in 10-25, 50-100, and >100 CFU/mL levels, respectively. When average counts were very close to the target level, small RSDs were recognized. Twenty-seven foods were obtained in local groceries. A 50 g portion of each food was homogenized in a blender containing 450 mL sterile phosphate-buffered physiological saline (pH 7.2). Each 1 mL portion of homogenates or dilutions was inoculated on 5 replicates of the sheets and 5 plates for the VRB agar medium. Ten mL liquefied VRB agar was poured into each plate, mixed, and allowed to solidify. Then, an additional 5 mL VRB agar solution was overlaid on the agar plate and allowed to solidify. The medium sheet and the VRB agar plates were incubated at 35 ± 0.5°C for 24 h. Blue to green colonies formed on the sheets were counted and confirmed as coliforms with gas production in BGLB broth. Ten red colonies on the VRB agar plates were counted and confirmed as coliforms with gas production in BGLB broth. All of the colony numbers on the sheets were statistically compared with the VRB agar using Student's t-test for paired data and are shown in Table 7 . Confirmation rate was calculated, with division of the colony count confirmed by the count nonconfirmed, and expressed as a percentage.
Comparison to Reference Method
As shown in Table 7 , some meat samples showed statistically the same values between 2 methods after confirmation of colonies on the sheets. But most of the frozen samples showed statistical differences (P > 0.01) even after confirmation of colonies on the sheets.
The confirmation rate depended on each lot of sample, not on the difference between the 2 methods except for some sample lots. Most evaluation of statistical difference did not change after the confirmation in comparison of the colony count on the sheet with the colony count confirmed on the VRB agar, except in some lots, such as raw ground pork, raw chicken, and frozen and defrosted yellowtail. Klebsiella sp. 52, Klebsiella sp. 53, Klebsiella sp. 171, Klebsiella sp. 172, and Citrobacter sp. 202) were cultivated in nutrient broth, and incubated at 35°C for 8 h with shaking. All of these strains had been confirmed as coliform with gas formation in BGLB broth. After incubation, each culture was diluted with sterile phosphate-buffered physiological saline, and a portion of culture dilution was inoculated to each subsample for target levels 10-50, 50-100, or >100 CFU/mL. The inoculated number was counted and the serial dilution of the strain was made and analyzed for viable counts by the Sanita-kun Aerobic Count (4), which was another ready-to-use medium sheet for total aerobic count and was granted PTM approval in 2001. Each subsample was homogenized with 450 mL sterile phosphate-buffered physiological saline (pH 7.2). Each 1 mL portion of homogenates or dilutions was inoculated on 5 replicates of Sanita-kun Coliforms sheets, 5 plates for the VRB agar medium, and 5 replicates of Petrifilm CC. Each 10 mL of the VRB agar solution was poured into the plate, mixed, and solidified. Then an additional 5 mL VRB agar solution was overlaid on the agar plate and solidified. The sheets, the VRB agar plates, and the Petrifilms CC were incubated at 35°C for 24 h. Blue to green colonies formed on the sheets were counted as coliforms. Typical red colonies on the VRB agar plates were counted and confirmed as coliforms with gas production in BGLB broth. Red colonies with gas bubbles on the Petrifilm CC were counted as coliforms. All of the colony numbers on the sheets were statistically compared with the VRB agar using Student's t-test for paired data and are shown in Table 8 with the SD and RSD.
The medium sheet versus VRB agar or Petrifilm CC results was plotted as shown in Figure 2A or B, respectively, and the slope and square of linear correlation coefficient (r 2 ) were calculated.
As shown in Table 8 , the rate of recovery by Sanita-kun was statically equivalent to the VRB method for 84.6% of the samples analyzed. In all cases which showed significantly higher counts on the medium sheets than on the VRB agar plates, the microorganisms did not grow to the minimum detectable level on the VRB agar plates. In most of these cases, lower SD was observed than that of VRB agar plates. The linear correlation of the Sanita-kun versus VRB agar or Petrifilm CC is shown by the following formula: y = 0.94x + 0.15 where x = VRB agar, y = Sanita-kun or y = 0.94 + 0.13, (x = Petrifilm CC, y = Sanita-kun). Both of the correlation coefficients (r 2 ) were the same as 0.94.
Independent Validation
Comparative validation between the medium sheet and VRB agar method was conducted by Silliker Inc. Research Center under the direction of the AOAC Research Institute.
Methods
One coliform strain, Enterobacter cloacae SLR43, originally ATCC7256, was used to inoculate ground beef. It was maintained at -70°C in 15% glycerol for long-term storage. Working stock culture was kept on Trypticase Soy Agar (TSA; BBL, Becton Dickinson Co., Cockeysville, MD). Culture for inoculation of ground beef was individually grown in Tripticase Soy Broth (TSB; BBL, Becton Dickinson Co.) at 35°C for 18-24 h. CFUs were determined on TSA incubated at 35°C for 22 ± 2 h. Broth cultures were stored at 4 ± 1°C prior to product inoculation. Dilutions were prepared with Butterfield's phosphate buffer. Four inoculation levels were evaluated for ground beef: 0, 10-100, 100-1000, and 1000-10 000 CFU/g. Following inoculation, test product was held at 4 ± 1°C for 48-72 h before analysis.
Naturally contaminated raw milk was not inoculated. Three levels of the raw milk were evaluated, with each level being approximately 1 log higher than previous. The rest of the sample had been frozen after determination of initial coliform levels and thawed just before the plate counting with both methods.
Five replicates at each level were analyzed. Samples (50 g) were analyzed for coliforms using the Sanita-kun method and reference method. Samples were homogenized by blending for 2 min, and serial dilutions were made with Butterfield's phosphate buffer. Sample analysis and confirmation on VRB agar plates were performed according to the online FDA BAM (1). Sample analysis on the medium sheet was performed according to the package insert. Suspect coliform isolates were confirmed by transferring suspect colonies to BGLB broth as per BAM.
Plate count results were converted into log base 10 values. Results at each level were analyzed using Microsoft Excel Single Factor Analysis of Variance function to determine if the differences between methods were significant. RSDs of Sanita-kun and BAM methods were calculated by determining the mean and SD for each level of each matrix. Sanita-kun versus BAM results was plotted and the slope and square of linear correlation coefficient (r 2 ) were calculated.
Results
Results of ground beef are presented in Table 9 . At a 95% confidence level, the low and high-level Sanita-kun results for ground beef were not significantly different (P > 0.05) than the reference method, while the median level was different (P = 0.007).
As shown in Table 7 , all levels Sanita-kun results for raw milk were significantly different than the reference method. P values were 0.002 in low, 0.0008 in medium, and 0.0003 in high inoculations.
The data were originally described with log CFU/g, but we rewrote them with arithmetic CFU/g as shown in Table 9 , because it was easy to compare the data with the in-house accuracy study.
In ground beef or raw milk samples, the correlation was shown as y = 0.87x + 0.41 or y = 1.69x -2.15 (x = BAM, y = Sanita-kun), and correlation coefficient (r 2 ) was 0.90 or 0.87, respectively.
Additional Study
In the comparative recovery study on the naturally contaminated foods, raw foods showed good agreement in colony count with the medium sheets and the VRB agar plates. Frozen foods showed significantly higher colony counts on the medium sheets than VRB plates even after confirmation. We supposed medium sheets could detect injured cells better than VRB plates. Therefore, we investigated the comparison study for frozen foods, which were inoculated with a coliform strain before freezing.
Comparative Recovery on Frozen Foods
Each 50 g subsample was weighed out from 8 food samples. The coliform strains (Escherichia coli IFO13500, Citrobacter diversus JCM1656, Klebsiella planticola IFO14939, Klebsiella pneumoniae IID5209, K. pneumoniae JCM1662, Enterobacter aerogenes IFO13534, Klebsiella oxytoca JCM1665, and Enterobacter cloacae IID977) were incubated and confirmed as described above. After incubation, each culture was diluted with sterile phosphate-buffered physiological saline, and a portion of culture dilution was inoculated to each subsample for target levels. Each subsample was frozen for 2 weeks at -20°C and then thawed at room temperature, homogenized with a blender containing 450 mL sterile phosphate-buffered physiological saline (pH 7.2). Each 1 mL portion of homogenates or dilutions was inoculated on both 5 replicates of Sanita-kun Coliforms sheets and the VRB agar plates. The incubation and colony detection were carried out as described above. Colony counts of each food sample on the sheet were statistically compared with that on VRB agar using Student's t-test for paired data. Estimated coliform count in each subsample and RSD are shown in Table 10 . As shown in Table 10 , 22 samples out of 24 showed higher coliform counts on medium sheets than on VRB agar plates. Nineteen of 22 samples showed significantly higher counts (7 samples: P < 0.05, 12 samples: P <0 .01). This suggests that Sanita-kun detects injured cells with better recovery than VRB agar.
Discussion
In the naturally contaminated raw milk sample in the independent study, Sanita-kun detected significantly more colonies than VRB plates at high and medium contamination levels, but significantly fewer colonies at the low level. An analyst who had carried out the independent validation study suggested difficulty counting colonies because of fat. At the low level, appearance of the colonies was disturbed by fat in the raw milk. At the high and medium contaminations, additional dilutions reduced the disturbance effect with fat. The analyst also stated that the raw milk sample had been frozen after determination of initial coliform levels and thawed just before the plate counting with both methods. At the high and medium contamination levels, medium sheets were estimated to detect more frozen injured cells than the VRB plates.
Many samples (84.6%) in the study showed no significant difference between the 2 methods. In all of the significantly different cases, more colonies were detected on medium sheets than on VRB agar plates. In the most of such cases, less RSD was observed than with VRB agar plates. We supposed that was attributed to a difficulty in evaluation of colony in the VRB agar plates, especially to form nontypical colonies because of slow growth of injured cells.
We also performed the study with AOAC Official Method 989.10 (4), Petrifilm CC. Sanita-kun showed quite similar results to Petrifilm.
We ran the study on naturally contaminated foods with and without confirmation of colonies on the medium sheets. Almost the same dispositions, which were observed without the confirmation (data not shown), were also observed even after confirmation. Because simple and accurate microbiological devices are highly required in daily monitoring, we believe we can recommend the Sanita-kun tests without colony confirmation.
We did not recognize the gas production in BGLB with one of the strains, Enterobacter cloacae, as shown in Table 2 , though Enterobacter cloacae are generally classified as coliforms. Three strains of Serratia also showed negative gas production in BGLB. Because coliform strains are often observed to lose the gas production ability (7) , we thought we experienced the same disposition. As we observed positive colonies of these strains on the medium sheet, we estimated the inclusivity rate as 100%.
Analysts in the independent study pointed out that "Times to complete Sanita-kun testing were similar to times for standard pour plate techniques." We suppose it may be true for the time after finishing preparation of the media plates, but we believe Sanita-kun testing saves much time in preparation of agar plates. The analysts also pointed out that some condensation in raw milk dilutions was trapped between Sanita-kun plate and film cover, but they commented later that it did not disturb counting colonies. Actually, more colonies were counted in the medium sheets than on the VRB agar plates. The analysts commented that medium sheets were easy to use and read overall. The Sanita-kun Coliforms sheets can provide an alternative method to coliform count agar.
Conclusions
The Sanita-kun Coliforms is a ready-made culture sheet, which has advantages of ease of use, less hands-on time, space saving, and small amount of waste compared with conventional culture methods. The results of the in-house and independent laboratory studies in comparison with VRB agar methods according to FDA BAM showed the same performance between the 2 methods, except with frozen foods, in which the medium sheet showed better performance than the VRB and suggested better recovery of injured cells.
The Sanita-kun Coliforms is a user-friendly and alternative method for enumeration of coliforms processing safer foods along with Sanita-kun Aerobic Count.
The Sanita-kun Coliforms has been granted AOAC Performance-Tested Method SM status. 
